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PRESSURE RELEASE SYSTEMS, 
APPARATUS AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Patent Application Ser. No. 61/149,875 titled “PRESSURE 
RELEASE SYSTEMS AND APPARATUS, which was filed 
Feb. 4, 2009 and the entire contents of which are incorporated 
herein by reference. 

BACKGROUND 

I. Field 
The present invention relates to pressure release systems 

and apparatus, in general, and pressure release systems and 
apparatus for respiratory circuits, in particular. 

II. Background 
Respiratory circuits are typically employed to transport a 

gas to or from the respiratory system of a patient. In some 
cases, due to machine malfunction, kinking of tubing in the 
respiratory circuit and/or error by the healthcare professional, 
the patient can be provided a gas at a pressure that is too high. 
Excessive pressures can endanger the respiratory systems of 
patients, potentially causing lung ruptures and other serious 
medical conditions. 

Additionally, in many cases, healthcare professionals pro 
vide care to more than one patient during a work shift. 
Accordingly, the healthcare professional cannot be aware of 
the pressure experienced by a patient at any particular instant 
of time. Therefore, a gas of an excessive pressure can be 
provided to the patient for an unacceptable period of time 
before the problem is noticed and addressed by the profes 
sional. 

Accordingly, there is a desire for systems and apparatus 
that detect and relieve excessive pressure in respiratory cir 
cuits, and provide an audible alert of the excessive pressure in 
the respiratory circuits. 

Typically pressure detection apparatus are large and heavy 
weight and therefore provided on a support base with humidi 
fiers, temperature gauges, gas blenders, gas sources and other 
components for providing gas to and monitoring of a patient, 
as opposed to being provided inline in the circuit and close to 
the patient. In typical embodiments, the respiratory circuit, 
from the location of the pressure detection device to the 
patient and/or the length of the tubing coupling the pressure 
detection device to the patient, can be four to five feet long. 
Accordingly, the systems often do not provide accurate pres 
Sure detection near the patient, resulting in a high likelihood 
of undetected overpressure at the patient and/or are of Such a 
large size that the conventional systems pose a danger of 
Snagging a patient or healthcare professional or the fabric or 
clothing of the patient or healthcare professional. 

Accordingly, there is a desire for lightweight, Small sys 
tems and apparatus that detect and relieve excessive pressure 
in respiratory circuits, provide an audible alert of the exces 
sive pressure in the respiratory circuits and/or are placed 
inline in the respiratory circuit at a location that is proximal to 
the patient. 

SUMMARY 

In one embodiment, a respiratory circuit is provided. The 
respiratory circuit can include: an adapter having a plurality 
of connectors of two or more different internal or outer diam 
eters; and a pressure release valve configured to emanate 
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2 
Sound if a pressure of a gas received at the pressure release 
valve is greater than or equal to an activation pressure of the 
pressure release valve, the pressure release valve also being 
formed with a body portion configured and having a first end 
of the body portion coupled to one of the plurality of connec 
tors of the adapter, wherein the pressure release valve is 
coupled inline in the respiratory circuit via the adapter and in 
close proximity to a patient location. 

In another embodiment, a respiratory circuit apparatus is 
provided. The respiratory circuit apparatus can include: a 
pressure release valve configured to emanate sound if a pres 
Sure of a gas received at the pressure release valve is greater 
than or equal to an activation pressure of the pressure release 
valve, the pressure release valve also being formed with a 
body portion configured and having a first end of the body 
portion coupleable to one of a plurality of connectors of an 
adapter configured to be positioned inline in a respiratory 
circuit. 

In another embodiment, a respiratory circuit pressure 
release system is provided. The respiratory circuit pressure 
release system can include: a respiratory circuit adaptable 
pressure release valve configured with at least one port 
dimensioned to be coupled to an adapter having a plurality of 
adapter ports for coupling the adapter and one or more 
mounted devices to the respiratory circuit, wherein the respi 
ratory circuit adaptable pressure release valve is coupleable in 
series in the respiratory circuit via the adapter, and wherein 
the respiratory circuit adaptable pressure release valve is con 
figured to whistle if a pressure of a gas received at the respi 
ratory circuit adaptable pressure release valve is greater than 
or equal to an activation pressure of the respiratory circuit 
adaptable pressure release valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Purposes and scope of the exemplary embodiments 
described below will be apparent from the following detailed 
description in conjunction with the appended figures in which 
like reference characters are used to indicate like elements, 
and in which: 

FIGS. 1A, 1B, 1C, 1D, 1E, 1F and 1Gare views of pressure 
release systems according to embodiments of the present 
invention; 

FIGS. 2A, 2B, 2C and 2D are views of pressure release 
systems according to embodiments of the present invention; 

FIGS. 3A and 3B are views of unmarked pressure release 
valves according to embodiments of the present invention; 

FIGS. 4A, 4B and 4C are views of an audible apparatus 
according to embodiments of the present invention; 
FIGS.5A, 5B, 5C and 5D are views of a pressure release 

system according to embodiments of the present invention; 
FIGS. 6A and 6B are views of adapters according to 

embodiments of the present invention; and 
FIG. 7 is a schematic diagram of a respiratory circuit, and 

patient utilizing the respiratory circuit, according to embodi 
ments of the present invention. 

DETAILED DESCRIPTION 

It is noted that in the figures, the illustration of components 
as separate entities from one another is merely exemplary. 
The components can be combined, integrally formed, sepa 
rated and/or duplicated to Support various functions. As used 
herein, the term “integrally formed shall mean, continuous 
in form Such that the component is a single, molded body (as 
compared to multiple components coupled together). Addi 
tionally, the figures depict simplified views and can include 
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alternative components that are not depicted but which 
remain within the spirit of the embodiments of the invention 
described herein. 

FIGS. 1A, 1B, 1C, 1D, 1E, 1F and 1Gare views of pressure 
release systems according to embodiments of the present 5 
invention. FIGS. 2A, 2B, 2C and 2D are views of pressure 
release systems according to embodiments of the present 
invention. FIGS. 3A and 3B are views of unmarked pressure 
release valves according to embodiments of the present 
invention. FIGS. 4A, 4B and 4C are views of an audible 10 
apparatus according to embodiments of the present invention. 

Embodiments of the pressure release systems 100,100', the 
pressure release valves 110, 110", 110", 110" and/or the 
audible apparatus 158, 158', as shown in FIGS. 1A, 1B, 1C, 
1D, 1E, 1F, 1G, 2A, 2B, 2C, 2D, 3A, 3B, 4A, 4B and/or 4C, 15 
will now be described. 

The pressure release systems 100, 100" can include a pres 
sure release valve 110, 110", 110", 110" and an audible appa 
ratus 158, 158. In some embodiments, the audible apparatus 
158, 158' can be an apparatus capable of generating a sound 20 
that is audible to humans less than one year old to 70 years 
old. In some embodiments, the audible apparatus 158, 158 
can be an apparatus capable of generating a sound that is 
between 40 and 50 decibels, between 40 and 60 decibels, 
between 40 and 80 decibels, or at least 40 decibels. 25 

The pressure release valve 110, 110", 110", 110" can be 
coupled to or integrally formed with the audible apparatus 
158 such that the pressure release valve 110, 110", 110", 110" 
is in fluid communication with the audible apparatus 158, 
158. In various embodiments, the pressure release valve 110, 30 
110", 110", 110" can be a spring-loaded valve or the pressure 
release valve 110, 110", 110", 110" can be a fixed pressure 
valve, which does not require adjustment of the activation 
pressure. 

In various embodiments, the fixed pressure embodiment 35 
can provide a structure that enables the gas to flow into the 
inner chamber immediately and at a pressure Suitable for 
activating the audible apparatus immediately, or Substantially 
at the time that the gas pressure is initially detected as being 
greater than or equal to the activation pressure (or the activa- 40 
tion pressure--/-5-15% of the activation pressure). 

In some embodiments, the fixed pressure valve can be 
configured as the pressure release valve described herein but 
can include a magnet inside of the inner chamber instead of 
the compression spring. The magnet can be disposed to apply 45 
a magnetic force on the interior cap maintaining the interior 
cap in a position to block gas from flowing into the inner 
chamber. When the pressure of the gas is greater than or equal 
to the activation pressure (or the activation pressure--/-5-15% 
of the activation pressure), the pressure overcomes the mag- 50 
netic force, and the magnet can be forced in an upward posi 
tion away from the interior cap, thereby causing the pressure 
release valve to open completely and Substantially immedi 
ately upon detection. In this way, the gas pressure detection 
and the emanation of the Sound from the audible apparatus 55 
(and alerting the healthcare professional can be substantially 
real-time) in Some embodiments. 
The activation pressure can be the gas pressure value (+/- 

a 5-15% margin of error) that, when exceeded or when the gas 
pressure is equal to such pressure, the pressure release valve 60 
110, 110", 110", 110" can open (and thereby emit gas in the 
pressure release valve 110, 110", 110", 110" to the audible 
apparatus 158, 158'). 
As indicated above, in various embodiments, the activation 

pressure can be any value in a range of pressure values. The 65 
range of pressure values can be those that are within a range 
of values that are +/-5-15% of the activation pressure that the 

4 
pressure release valve 110, 110", 110", 110" is designed to 
have. Accordingly, for a selected activation pressure, a margin 
of error can exist whereby other pressures that are +/-5-15% 
of the activation pressure can also cause the pressure release 
valve 110, 110", 110", 110" to open. 

In some embodiments, the margin of error can be a function 
of two measurements of the pressure at which a pressure 
release valve 110, 110", 110", 110" opens at two different 
flow rates of the gas that the pressure release valves 110, 110'. 
110", 110" detects. The margin of error can be calculated by 
measuring the actual pressure at which the pressure release 
valve 110, 110", 110", 110" opens for gas provided at 8 liters 
per minute (lpm) and at 15 lpm. For a pressure release valve 
110, 110", 110", 110" designed to have an activation pressure 
of 20 cm H2O, at 8 lpm, the pressure release valve 110, 110'. 
110", 110" can open at 17 cm H2O and at 15 lpm, the pressure 
release valve 110, 110", 110", 110" can open at 24 cm H.O. 
Because the pressure release valve has an activation pressure 
of 20 cm H2O, but it can activate at a value as low as 17 cm 
H2O or as high as 24 cm H2O, the margin of error can be 
5-15% of the activation pressure, and the activation pressure 
can actually be 20 cm H2O. As such, the pressure release 
valve can activate at pressures that are greater than or equal to 
the activation pressure (or, in some embodiments, activate at 
a pressure that is greater than or equal to the activation pres 
sure--a margin of error that is +/-5-15% of the activation 
pressure). In general, in various embodiments, the margin of 
error that can be considered when determining the pressure at 
which a pressure release valve will activate, can be a function 
of a first pressure at which the pressure release valve opens 
upon receiving a gas at a typical minimum flow rate, and a 
second pressure at which the pressure release valve opens 
upon receiving a gas at a typical maximum flow rate. The 
typical minimum and maximum flow rates can differ due to 
any number of factors including, but not limited to, the type of 
the respiratory care and/or the gas source of the respiratory 
circuit. In some embodiments, the flow rate for the pressure 
release system can be a value between 1 to 15 lpm. 
The pressure release valve 110, 110", 110", 110" can 

relieve internal pressure within a respiratory circuit of a pres 
Sure system within the pressure release valve pressure range. 
Thus, the pressure release valve can be used to regulate the 
maximum pressure achievable within a pressure system. 

In various embodiments, the pressure release valve 110, 
110", 110", 110" can have an activation pressure of 20, 40 or 
60 cm H2O. In embodiments wherein the activation pressure 
is 40 cm HO, the pressure release valve 110, 110", 110", 110" 
can be adapted to close and/or remain closed when the pres 
sure of a gas detected in the pressure release valve 110, 110'. 
110", 110" is less than 35-40 cm H2O. In some embodiments, 
the 40 cm H2O pressure can correspond to an 8 lpm flow rate. 
In some embodiments, the pressure release valve can block 
airflow passage at pressures under 35-40 cm H2O when the 
pressure release valve has an activation pressure of 40 cm 
H2O. In embodiments wherein a very large pressure. Such as 
60 cm H2O, is detected, the pressure release valve 110, 110'. 
110", 110" can be open and/or remain open until the pressure 
is reduced to a value less than the activation pressure. In some 
embodiments, 60 cm H2O can be considered a maximum 
pressure for the circuit. In other embodiments, 80 cm H2O can 
be considered the maximum pressure. In any case, in embodi 
ments wherein the pressure of the gas equals or is greater than 
60 cm H2O (or 60 cm H2O+a margin of error that is +/-5-15% 
of 60 cm H2O, or the maximum pressure), the pressure release 
valve 110, 110", 110", 110" can be open and/or remain open 
until the pressure is reduced to a value less than the activation 
pressure. In various embodiments, the pressure release valve 
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110, 110", 110", 110" can be configured to activate at any 
number of pressures within a range from 5 cm H2O to 80 cm 
H2O (or 5 cm H2O to 80 cm H2O+a margin of error that is 
+/-5-15% of 5 cm H2O or 80 cm H2O, respectively). 

In some embodiments, the pressure release valve 110, 110'. 
110", 110" is disposable and/or composed of disposable 
materials. As such, the pressure release valve 110, 110", 110", 
110" can be composed of materials that are not autoclavable 
in Some embodiments. In some embodiments, the pressure 
release valve 110, 110, 110", 110" can be composed of 
non-flammable materials. In some embodiments, the pres 
sure release valve 110, 110", 110", 110" can also be supplied 
sterile. 

In some embodiments, the pressure release valve 110, 110'. 
110", 110" can be solely mechanical and require no electrical 
components for operation. As such, the cost of the pressure 
release valve 110, 110", 110", 110" can be much lower than 
valves that involve electronic equipment. In some embodi 
ments, the edges of each of the components of the pressure 
release valve 110, 110", 110", 110" can have at least 0.005 
inch diameter edge breaks to reduce the instances of sharp 
edges that may injure a patient or healthcare professional. The 
pressure release valve 110, 110, 110", 110" can be config 
ured to be able to couple to the pressure release system 100, 
100' without supports that are external to the pressure release 
valve 110, 110", 110", 110". 

In some embodiments, the pressure release valve 110, 110'. 
110", 110" (or the pressure release system 710, 710' dis 
cussed below with reference to FIG. 7) can be approximately 
1 inch in height. In other embodiments, the pressure release 
valve 110, 110", 110", 110" (or the pressure release system 
710, 710' discussed below with reference to FIG. 7) can be 
less than 1 inch in height. In some embodiments, the pressure 
release valve 110, 110", 110", 110" (or the pressure release 
system 710, 710' discussed below with reference to FIG. 7) 
can be 25-30% of the height of the conventional valves and 
systems, which can be several inches in height. 

In some embodiments, the pressure release valve 110, 110'. 
110", 110" (or the pressure release system 710, 710' dis 
cussed below with reference to FIG. 7) can be lightweight 
(e.g., 10 grams and/or approximately 20-25% of the weight of 
the conventional valves or systems, which can be 40-50 
grams) so as to reduce the amount of stress on the respiratory 
circuit relative to models of valves that may not be light 
weight. 

In some embodiments, the pressure release valve 110, 110'. 
110", 110" can be a one-way valve that enables gas to flow to 
a patient while opening and thereby venting gas to the atmo 
sphere when excessive gas pressures are received at the pres 
sure release valve 110, 110", 110", 110". 

In one embodiment, the pressure release valve 110, 110'. 
110", 110" can be a single patient use medical device that has 
an activation pressure of 40 cm H2O. The pressure release 
valve 110, 110", 110", 110" can be configured to provide an 
audible alert via a whistle tone when the activation level is 
reached and the pressure release valve opens. In some 
embodiments, the cap 112, 112', 112" of the pressure release 
valve can be color coded to indicate the activation pressure of 
the pressure release valve. In some embodiments, the cap 112, 
112,112" can include information indicative of the activation 
pressure. The information can be molded into the cap and/or 
applied to the cap by any Suitable methods including, but not 
limited to, applying the information to a label and adhering 
the label to the cap 112, 112', 112". 

In some embodiments, the pressure release system 100, 
100' can receive a gas having a pressure. The pressure release 
system 100, 100" can detect whether the pressure is greater 
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6 
than or equal to the activation pressure (or, in some embodi 
ments, activate at a pressure that is greater than or equal to the 
activation pressure--a margin of error that is +/-5-15% of the 
activation pressure). 

If the pressure is greater than or equal to the activation 
pressure (or, in Some embodiments, greater than or equal to 
the activation pressure--a margin of error that is +/-5-15% of 
the activation pressure), the pressure release valve 110, 110'. 
110", 110" can open, thereby emitting a volume of the gas to 
the audible apparatus 158, 158'. The audible apparatus 158, 
158' can receive the emitted gas and generate a sound when 
the gas received by the audible apparatus 158, 158' is emitted 
to the atmosphere from the audible apparatus 158, 158'. 

If the pressure is less than the activation pressure, the 
pressure release valve 110, 110", 110", 110" can close (or 
remain closed) and the gas can be provided to the patient. The 
patient can be any type of living being to which a gas can be 
provided to or from during respiratory care. By way of 
example, but not limitation, the patient can be a human, 
animal, neonate, infant, pediatric, adult and/or geriatric 
patient. As such, the pressure release valve can regulate air 
way pressure provided to pediatric, infant and/or neonate 
patients. In some embodiments, the pressure release valve can 
regulate airway pressure provided to adult, geriatric patients. 
In Some embodiments, the pressure release valve can regulate 
airway pressure provided to humans, plants and/or animals. 
In some embodiments, the patient can be a plant to which 
oxygen or other gas can be provided. In various embodi 
ments, the respiratory care can be any type of respiratory care 
wherein a gas is provided to and/or from a patient through the 
use of a respiratory circuit. In various embodiments, the res 
piratory care can include any care provided via continuous 
positive airway pressure respiratory circuits, high flow respi 
ratory circuits, bi-level respiratory circuits, end/expiratory 
positive airway pressure respiratory circuits and/or inspira 
tory positive airway pressure respiratory circuits and/or meth 
odologies. In some embodiments, the circuits could be, but 
are not limited to being, Bubble Nasal Continuous Positive 
Airway Pressure (BNCPAP) circuits, High/Heated Flow 
Nasal Cannula (HFNC) circuits or any other kind of patient 
breathing circuit in which gas is provided to the patient. 

Providing pressure release valves 110, 110", 110", 110" 
having different activation pressures can provide the health 
care professional the flexibility to select the best possible 
pressure release valve to regulate the pressure provided to the 
patient. Healthcare professionals can include, but are not 
limited to, physicians, nurses, respiratory therapists or any 
other healthcare professional that provides respiratory care to 
patients. 
The components of various embodiments of the pressure 

release valve 110, 110", 110", 110" will now be described in 
detail. The pressure release valve 110, 110", 110", 110' can 
include a body 114, 114 and a cap 112, 112', 112" coupled to 
or integrally formed with the body 114, 114", 114". 

Referring to FIG. 1G, the pressure release valve 110' can 
include a cap 112", body 114", interior cap 150, compression 
spring 144', audible apparatus 158', and/or an audible appa 
ratus cap 113. As shown, the audible apparatus 158' can be 
coupled to the body 114" by having a base of the audible 
apparatus 158 rest directly on the top portion 109 of the body 
114" with no intervening neck portion of the audible appara 
tus raising it above the body 114" as seen in FIG. 1A, for 
example. As shown in FIG. 1A, a cylindrical portion of the 
audible apparatus 158 couples the audible apparatus 158 to 
the cap 112. By contrast, the pressure release valve 110' 
includes the audible apparatus 158' with no intervening cor 
responding cylindrical portion of the audible apparatus. 
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Rather, in the embodiment shown, the portion 108 of the 
audible apparatus immediately below the aperture 162 rests 
substantially flush on the top portion 109 of the body 114". In 
some embodiments, the audible apparatus 158' and the body 
114" can be molded or welded together. As such, the profile of 5 
the pressure release valve 110' can be further reduced beyond 
those embodiments similar to that shown in FIG. 1A, for 
example, because the entire profile (e.g., area) of the pressure 
release valve 110" is smaller in area, the audible apparatus 
158 is not positioned as far away from the body 114" as in 
those embodiments, and/or the body 114" and the audible 
apparatus 158 are formed very closely together. In some 
embodiments, the body 114" and the audible apparatus 158 
can be welded to one another. In other embodiments, the 
audible apparatus 158' can be coupled to the body 114" 
through other conventional methods including but not limited 
to, telescopic coupling of the two components, screw-on cou 
pling of the two components, adhesive-based coupling of the 
two components or the like. In some embodiments, the pres 
sure release valve 110" can be a single, molded component. 
The design can reduce the likelihood that the pressure release 
valve 110" will snag a patient or healthcare professional, the 
fabric or clothing provided on a patient or the healthcare 
professional and/or the respiratory circuit in which the pres 
sure release valve 110" is provided, and potentially reduce 
the likelihood of accidents. 

Referring back to pressure release valves 110, 110", 110", 
110", in some embodiments, the body 114, 114", 114" can be 
ultrasonically welded to the cap 112, 112', 112". The body 
114, 114", 114" can be ultrasonically welded to the cap 112, 
112, 112" such that the weld is able to withstand a pull out 
force of 5.0 pounds. 
The cap 112, 112', 112" and the body 114, 114", 114" can be 

formed of Substantially rigid materials. In some embodi 
ments, the cap 112, 112', 112" and/or the body 114, 114", 114" 
can beformed of polypropylene and/or polyethylene. In some 
embodiments, the cap 112, 112, 112" and/or the body 114, 
114, 114" can be formed of only non-flammable materials 
and/or Bisphenol A. 

Embodiments of the cap 112, 112' (and in some cases, 
112") will now be described in greater detail. In some 
embodiments, the cap 112 can include a top portion 116 
having a substantially solid surface and a bottom portion 118 
dimensioned and shaped to couple Snugly to the body 114, 
114. In some embodiments, the top portion 116 of the cap 112 
can include a projection dimensioned and shaped to couple to 
the audible apparatus 158. By way of example, but not limi 
tation, the projection can be substantially hollow and cylin 
drical. However, in other embodiments, the projection can be 
any shape coupleable to the audible apparatus 158. 

In some embodiments, the cap 112, 112 can have one or 
more apertures 132a, 132b disposed therethrough and in fluid 
communication with an inner chamber 140 of the body 114, 
114 when the cap 112' is coupled to or integrally formed with 
the body 114, 114'. The one or more apertures 132a, 132b can 
be in fluid communication with the interior region 164 of the 
audible apparatus 158 when the cap 112' is coupled to the 
audible apparatus 158. 

While not shown in FIG.1G, cap 112" can also include one 
or more apertures disposed therethrough and in fluid commu 
nication with an inner chamber 140 of the body 114" when the 
cap 112" is coupled to or integrally formed with the body 
114". The one or more apertures (not shown) can be in fluid 
communication with the interior region of the audible appa 
ratus 158' when the cap 112" is coupled to the audible appa 
ratuS 158'. 
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8 
In various embodiments, the cap 112, 112', 112" can be 

operably and/or removably coupled to the audible apparatus 
158 such that the cap 112, 112' is in fluid communication with 
an interior region 164 of the audible apparatus 158 (or, with 
reference to FIG. 1G, such that cap 112" is in fluid commu 
nication with an interior region (not shown) of the audible 
apparatus 158'). Referring back to pressure release valves 
110, 110", 110", the bottom portion 118 of the cap 112, 112 
can include a Substantially stationary Support structure 124. 
The cap 112, 112 can be adapted to be in fluid communica 
tion with the inner chamber 140 of the body 114, 114 when 
the cap 112, 112' is coupled to or integrally formed with the 
body 114, 114". 
The body 114, 114", 114' will now be described in greater 

detail. The body 114, 114' can be dimensioned and shaped to 
couple to the bottom portion 118 of the cap 112, 112'. As 
shown in FIG. 1G, the body 114" can be dimensioned and 
shaped to couple to the bottom portion 108 of the cap 112". 
Referring back to pressure release valves 110, 110", 110", 
110", in some embodiments, the top portion of the body 114, 
114", 114" can be formed as a first tubular portion 134 having 
a first diameter while the bottom portion of the body 114, 
114", 114" can be formed as a second tubular portion 136 
having a second diameter. In some embodiments, the second 
diameter can be less than the first diameter. 

Referring back to pressure release valves 110, 110", 110", 
110", in some embodiments, the body 114, 114", 114" can be 
any number of shapes or dimensions such that the pressure 
release valve 110, 110", 110" detects the pressure of gas 
received at the pressure release valve 110, 110", 110" and 
opens when the received gas has a pressure greater than or 
equal to the activation pressure (or, in some embodiments, 
open at a pressure that is greater than or equal to the activation 
pressure--a margin of error that is +/-5-15% of the activation 
pressure). 
The inner chamber 140 of the body 114, 114 can be located 

in the first tubular portion 134 and can be in fluid communi 
cation with the interior region of the second tubular portion 
136. Accordingly, a gas received in the second tubular portion 
136 can flow into the inner chamber 140, thereby allowing the 
gas to flow to the patient instead of flowing into the atmo 
sphere outside of the pressure release valve. 
The inner chamber 140 of the body 114, 114", 114" can 

include a compression spring 144, 144'. As shown for pres 
sure release valves 110, 110", 110" (but also applicable for 
pressure release valve 110"), the compression spring can have 
a first end 146, and a second end 148 distal from the first end 
146. The compression spring can be designed to operate 
according to a number of different tensions and thereby be 
configurable to provide different activation pressures with 
minimum changes in the components composing the pressure 
release valve 110, 110", 110", 110". By offering the pressure 
release valve 110, 110", 110", 110" at different activation 
pressures, the healthcare professional can select the best pos 
sible pressure release valve 110, 110", 110", 110" (of a plu 
rality of pressure release valves having different activation 
pressures) or the best possible activation pressure of a single 
pressure release valve 110, 110, 110", 110" configurable to 
operate according to different activation pressures. 
As shown for pressure release valves 110, 110", 110" (but 

the structure or functionality of which can apply to pressure 
release valve 110"), the inner chamber 140 can also have an 
interior cap 150 with a first surface 152 and a second surface 
154 opposite the first surface 152. In some embodiments, the 
inner chamber 140 can also include one or more interior cap 
support structures 138 adapted to cause the interior cap 150 to 
move along the axis 142 of the inner chamber when the force 
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exerted on the interior cap 150 by the compression spring 144 
changes. The interior cap 150 can move from a first position 
upward to a second position when the pressure of the gas is 
greater than or equal to the activation pressure of the pressure 
release valve 110, 110", 110" (or, in some embodiments, move 
from a first position upward to a second position at a pressure 
that is greater than or equal to the activation pressure--a mar 
gin of error that is +/-5-15% of the activation pressure). 
The first end 146 of the compression spring 144 can be 

coupled to the support structure 124 of the cap 112, 112', and 
the second end 148 can be coupled to the first surface 152 of 
the interior cap 150. 

The compression spring 144, 144' can be formed of stain 
less steel. The interior cap 150 can be formed of polypropy 
lene, polyethylene, only non-flammable materials and/or 
Bisphenol A. The cap 112, 112', 112" and the interior cap 150 
can be substantially transparent and Smooth in some embodi 
ments. In various embodiments, the cap 112, 112', 122", body 
114, 114", 114", interior cap 150 and/or compression spring 
144, 144' can have at least 0.005 inch diameter edge breaks. 
The compression spring 144, 144' can be configured Such 

that the compression spring 144, 144' exerts a downward 
force on the interior cap 150 such that the second surface 154 
of the interior cap 150 is pressed against the port 156 of 
surface 155 reducing and/or preventing fluid communication 
of the gas received at the pressure release valve 110, 110'. 
110", 110" into the inner chamber 140. Specifically, the com 
pression spring 144, 144' can exert Such downward force 
when the pressure of the gas received at the second tubular 
portion 134 is less than the activation pressure. 
When a gas having a pressure greater than or equal to the 

activation pressure of the pressure release valve 110, 110', 
110", 110" is received (or, in some embodiments, when a gas 
having a pressure that is greater than or equal to the activation 
pressure--a margin of error that is +/-5-15% of the activation 
pressure is received), the force of the compression spring 144, 
144 can be overcome by the force from the pressure of the 
gas, and the compression spring 144, 144' can be reduced in 
length thereby allowing the interior cap 150 to move toward 
the cap 112, 112', 112". Accordingly, as shown for pressure 
release valves 110, 110", 110" (but the structure or function 
ality of which can apply to pressure release valve 110"), the 
port 156 in the surface 155 can be unblocked and the gas 
received in the second tubular portion 136 can flow into the 
inner chamber 140. The gas can then be emitted from the cap 
112, 112', 112" to the interior region 164 of the audible 
apparatus 158, 158'. The audible apparatus 158, 158' can 
generate a sound when the gas is emitted from the audible 
apparatus 158, 158. As such, the audible sound can alert 
healthcare professionals to overpressurization and, poten 
tially, a need for corrective action with regard to the respira 
tory circuit coupled to the pressure release valve. After the 
pressure of the gas in the second tubular portion 136 is less 
than the activation pressure, the pressure release valve 110. 
110, 110", 110" can close. When the pressure release valve 
110, 110", 110", 110" is closed, gas received at the pressure 
release valve 110, 110", 110", 110" can be provided to the 
patient because the gas can follow the path of least resistance 
and thereby travel past the pressure release valve 110, 110'. 
110", 110" to the patient. 
The weight of the combined pressure release valve 110, 

110, 110", 110" and/or audible apparatus 158, 158 can be 
such that the stress added to the respiratory circuit to which 
they can be coupled, can be minimized. Similarly, the pres 
sure release valve 110, 110", 110", 110" can be a low-profile 
such that the likelihood can be reduced that the pressure 
release valve 110, 110, 110", 110" can physically interfere 
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10 
with, collide with, and/or displace a portion of a respiratory 
circuit to which the pressure release valve 110, 110", 110", 
110" can be coupled. By way of example, but not limitation, 
low-profile pressure release valve 110, 110", 110", 110" can 
include those having configurations that have no projections 
jutting out from the body 114, 114", 114" and/or those that 
have a width and height that are less than or equal to 4 inches 
and 6 inches, respectively. 

Embodiments of the audible apparatus 158 of the pressure 
release system 100, 100' shall now be described in detail. The 
audible apparatus 158 can have an exterior surface 160 and a 
substantially hollow interior region 164. An aperture 162 can 
beformed through the exterior surface 160 thereby providing 
fluid communication of received gas from the interior region 
164 to the atmosphere outside of the audible apparatus 158. 
The interior region 164 can be in fluid communication with 

the cap 112, 112'. The audible apparatus 158 can be coupled 
to the cap 112, 112' such that gas emitted from the cap 112, 
112 can be received in the interior region 164 of the audible 
apparatus 158 and emitted from the audible apparatus 158 
through the aperture 162. 
The audible apparatus 158 can include an aperture and can 

be configured to receive gas and emit the gas through the 
aperture Such that a Sound emanates from the audible appa 
ratus 158 notwithstanding the gas is of a relatively low pres 
Sure. In various embodiments, a relatively low pressure can be 
a pressure having a value between 0 and 20 cm H2O. 

In various embodiments, the audible apparatus 158 can be 
an apparatus that generates a Sound that is between 40 and 50 
decibels, between 40 and 60 decibels, between 40 and 80 
decibels, or at least 40 decibels. In some embodiments, the 
audible apparatus 158 can be any apparatus capable of gen 
erating a sound that is typically audible to humans less than 
one year old to 70 years old. In some embodiments, the 
audible apparatus 158 can be any apparatus capable of gen 
erating a sound having a frequency between 15 and 22,000 
Hertz. In some embodiments, the audible apparatus 158 can 
be adapted to generate a high-pitched shrill sound. In various 
embodiments, the audible apparatus can be a whistle or a 
horn. 

Emitting gas from the audible apparatus 158 can therefore 
generate a Sound that can alerta healthcare professional to the 
detection of excessive pressure by the pressure release valve 
110, 110", 110", 110". 

In some embodiments, the pressure release system (not 
shown) can also include a male luer fitting (not shown) 
coupled to or integrally formed with the pressure release 
system such that the pressure release system can be inserted 
into a standard-sized temperature probe adapter typically 
found in a CPAP or an HFNC respiratory circuit. In some 
embodiments, the male luer fitting can have an outer diameter 
(O.D) of approximately 7.5 mm. The small size of the male 
luer fitting can allow the pressure release system to fit into the 
7.5 mm port of the adapter 530, 530' for use of the pressure 
release system inline in a respiratory circuit. 

In some embodiments, the male luer fitting can have an 
internal diameter (I.D.) of approximately 4.7 mm. In various 
embodiments, the male luer fitting can be designed in com 
pliance with ISO 594-2 and/or include a conical fitting with 
6% luer taper. 
The male luer fitting can allow the pressure release valve to 

accept a straight tee adapter and be inserted into a t-shaped 
pressure monitoring adapter supplied with a number of CPAP 
and HFNC circuits. 

In some embodiments, the male luer fitting can fit securely 
into an adapter designed according to embodiments of the 
invention, and described below with reference to FIGS.5A, 
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5B, 5C, 5D, 6A, and/or 6B. The fitting can fit securely such 
that there is Substantially no gas leakage to the atmosphere at 
the point at which the fitting is coupled to the adapter 530, 
530'. 

In other embodiments (not shown), a pressure release valve 
(not shown) can include a body having an inner chamber, a 
compression spring, an interior cap, a port and first and sec 
ond tubular portions such as that described with reference to 
FIG.1F. In some embodiments, the pressure release valve can 
include a magnet in lieu of a compression spring, as described 
above. In either of the foregoing embodiments, the pressure 
release valve can have an audible apparatus integrally formed 
with or on the body. The audible apparatus can have an 
aperture formed therethrough such that gas received in the 
body can be emitted through the aperture to the atmosphere. 
The audible apparatus can generate a Sound upon emitting the 
gas through the aperture. 

In various embodiments, the audible apparatus can be 
formed within or on the body such that the aperture is pro 
vided on a side or a top surface of the body, and a port in fluid 
communication with the interior region of the body can be in 
fluid communication with the aperture. For example, the 
audible apparatus can beformed as a cover having an aperture 
positioned over an opening of the body Such that gas emitted 
from the body can be emitted through the aperture. 

In some embodiments, the audible apparatus can beformed 
on the body in fluid communications with an opening on the 
body. The opening on the body can be at the top portion of the 
body or on the first or second tubular portions of the body. 

In various embodiments, the body can have a substantially 
equal diameter from the top portion of the body to the body 
portion of the body. In these embodiments, the audible appa 
ratus does not protrude from the body. 

In some embodiments, the top portion (or other portion) of 
the body can be a selected color indicative of the pressure of 
the pressure release system. By way of example, but not 
limitation, the color can be red, yellow or green to indicate a 
pressure release system adapted to indicate activation pres 
sures of 60 cm H2O, 40 cm H2O and 20 cm H2O, respectively. 

With reference to the respiratory circuit 700 in FIG. 7 and 
FIGS. 1A, 1B, 1C, 1D, 1E, 1F, 1G and/or 1H, and other 
respiratory circuits, the pressure release system 100, 100', 
100" (or pressure release system 710,710") can be positioned 
proximal to the patient in Some embodiments as shown. Such 
positioning of the pressure release system 100, 100', 100" (or 
pressure release system 710, 710) can provide significant 
improvements in accuracy in the pressure experienced by a 
patient. While the pressure release system 100,100', 100" (or 
pressure release system 710, 710") can alternately (or addi 
tionally) be provided proximal to a humidifier 730 of the 
respiratory circuit, such positioning disadvantageously and 
primarily protects the circuits instead of the patient, by mea 
Suring the pressure experienced in the circuit tubing shortly 
after gas leaves the gas source 720. 

In one or more of these embodiments, the functionality 
and/or structure of the audible apparatus can replace the func 
tionality and/or structure of the cap 112, 112. 

Yet another embodiment of the pressure release valve (not 
shown) can be provided. In one or more embodiments, the 
functionality of the above-referenced pressure release valves 
110, 110", 110", 110" and the functionality of the above 
referenced audible apparatus 158 can be provided in pressure 
release portion and the audible portion of the pressure release 
valve (not shown). The pressure release valve can include a 
pressure release portion of the pressure release valve and an 
audible portion of the pressure release valve. 
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In some embodiments, the pressure release valve can 

include one or more of the components or functionalities of 
the pressure release valve 100, 100', 100" (or any other pres 
sure release valve described herein) and/or the audible appa 
ratus 158. For example, the pressure release valve can be 
configured with activation pressures and with the ability to 
emanate a sound when a gas is received that is greater than or 
equal to the activation pressure (or greater than or equal to the 
activation pressure--/-a margin of error of 5-15% of the acti 
Vation pressure). 

In some embodiments, the audible portion can beformed in 
an interior region of the pressure release portion Such that all 
or part of the audible portion is recessed or enclosed within 
the pressure release portion. As such, in embodiments 
wherein the entire audible portion is enclosed within the 
pressure release portion, the audible portion is not viewable 
from a side view of the pressure release valve. In some of 
these embodiments, the audible portion is also not viewable 
from a top view of the pressure release valve. In some 
embodiments, while the audible portion is not viewable from 
a side view of the pressure release valve, the audible portion 
may be recessed within the pressure release portion but view 
able from a top view of the pressure release valve. 

In some embodiments, the pressure release portion can 
include a body having an inner chamber, a compression 
spring, an interior cap, a port and first and second tubular 
portions such as that described with reference to FIG.1F. In 
various embodiments, the body can have a Substantially equal 
diameter from the top portion of the body to the body portion 
of the body. In these embodiments, the audible apparatus can 
also re complete recessed or enclosed within the body of the 
pressure release portion. In some embodiments, the pressure 
release portion can include a magnet in lieu of a compression 
spring, as described above. 

In either of the foregoing embodiments, the audible portion 
can beformed as a single component with the pressure release 
portion and have an aperture formed therethrough Such that 
gas received in the body can be emitted through the aperture 
to the atmosphere. The audible portion can emanate a Sound 
upon emitting the gas through the aperture. 

In some embodiments, the top portion (or other portion) of 
the body can be a selected color indicative of the pressure of 
the pressure release valve. By way of example, but not limi 
tation, the color can be red, yellow or green to indicate a 
pressure release valve adapted to indicate activation pressures 
of 60 cm H2O, 40 cm H2O and 20 cm H2O, respectively. 
The aforementioned embodiments can reduce the profile of 

the pressure release valve and reduce the likelihood that the 
pressure release valve will Snag the patient, clothing or fabric 
near the patient, the incubator, or isolette, or medical chamber 
or any tubing or components of the respiratory breathing 
circuit in which the pressure release valve can be provided. In 
Some embodiments, the pressure release valve can be 
approximately 1 inch in height. In other embodiments, the 
pressure release valve can be less than 1 inch in height. In 
Some embodiments, the pressure release valve can be light 
weight so as to reduce the amount of stress on the respiratory 
circuit relative to models of valves that may not be light 
weight. In some embodiments, the lightweight pressure 
release valve can be approximately 10 grams. In some 
embodiments, conventional pressure release valves can be 
40-50 grams. As such, a lightweight device can be one that is 
10 grams and/or approximately 20-25% of the weight of the 
conventional valves or systems, which can be 40-50 grams. 

FIGS. 5A, 5B, 5C and 5D are views of pressure release 
systems according to embodiments of the present invention. 
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FIGS. 6A and 6B are views of adapters according to embodi 
ments of the present invention. 
The pressure release system 500 can include a pressure 

release valve 510, an audible apparatus 520 and an adapter 
530,530'. In various embodiments, the pressure release valve 
510 can be any embodiment of the pressure release valves 
110, 110", 110", 110" described with reference to FIGS. 1A, 
1B, 1C, 1D, 1E, 1F, 1G, 2A, 2B, 2C, 2D, 3A and/or 3B. The 
audible apparatus 520 can be any embodiment of the audible 
apparatus 158, 158 (or the above-described audible portion) 
described with reference to FIGS. 1A, 1B, 1C, 1D, 1E, 1F, 
1G, 4A, 4B and/or 4C. The arrangement, integration, cou 
pling and/or functionality of the pressure release valve 510 
and the audible apparatus 520 with one another can be as any 
embodiment of the pressure release system 100, 100' 
described with reference to FIGS. 1A, 1B, 1C, 1D, 1E, 1F, 1G 
and/or can include aspects of the embodiments described 
with reference to FIGS. 2A, 2B, 2C, 2D, 3A, 3B, 4A, 4B, 
and/or 4C. 

The adapter 530,530' of pressure release system500 can be 
coupled to or integrally formed with the pressure release 
valve 510 (or any of the aforementioned pressure release 
systems). The pressure release valve 510 (or any of the afore 
mentioned pressure release systems) can be in fluid commu 
nication with audible apparatus 520 such that the gas received 
in the pressure release valve 510 (or any of the aforemen 
tioned pressure release systems) can be emitted to the audible 
apparatus 520 and the audible apparatus 520 can emit a vol 
ume of the gas, and generate a Sound to alert the healthcare 
professional of excessive pressure. 

The adapter 530, 530' will now be described in greater 
detail. The adapter 530,530' can be formed of a substantially 
rigid material and can have an interior region that is Substan 
tially hollow. The interior region can be in fluid communica 
tion with the pressure release valve 510 (or any of the afore 
mentioned pressure release systems) when the adapter 530, 
530' is coupled to or integrally formed with the pressure 
release valve 510 (or any of the aforementioned pressure 
release systems). 

In some embodiments, the adapter 530, 530' can include 
indicia of the proper orientation of the adapter 530, 530' 
between two or more physical elements such that gas flows 
through the adapter 530, 530' in the proper direction from 
right to left or left to right, depending on the orientation of the 
adapter 530,530'. By way of example, but not limitation, the 
indicia can include arrows and/or lettering. 

In some embodiments, the adapter 530, 530' can have one 
or more connectors and be any adapter adapted to be cou 
pleable to one or more physical elements having one or more 
I.D. and/or O.D. complementary to one or more of the con 
nectors. In one embodiment, the adapter 530, 530' is an 
adapter adapted to be coupleable to six or more different I.D.s 
and/or O.D.s. In some embodiments, the adapter 530, 530 
can include connectors that can be shaped as conical fittings. 
In some embodiments, the conical fittings can have approxi 
mately 6% taper (ISO 594-2). 

While the adapter 530,530' shown can be T-shaped, adapt 
ers and/or connectors can be any number of shapes Suitable 
for coupling a physical element to the adapter 530, 530'. 

In various embodiments, the adapter 530, 530' can have a 
first connector 5320 that is coupleable to the pressure release 
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14 
valve 510 (or any of the aforementioned pressure release 
systems) and a second connector 534 that is coupleable to an 
inspiratory limb or extension of a respiratory circuit. By way 
of example, but not limitation, the extension of the respiratory 
circuit can be a nasal cannula, nasal prongs and/or any other 
type of tubing and/or adapters typically used in respiratory 
circuits. In various embodiments, the first connector 532 and/ 
or the second connector 534 can be coupleable to the pressure 
release valve 510 (or any of the other aforementioned pres 
Sure release systems) and/or the inspiratory limb or extension 
of the respiratory circuit by an intervening extension tube or 
any number of components typically used in a respiratory 
circuit. 

The adapter 530, 530' can be provided with the pressure 
release valve or separate from the pressure release valve. The 
adapter can couple securely to the inspiratory and the expi 
ratory tubing of the pressure release system Such that there is 
Substantially no gas leakage into the atmosphere at the point 
at which the adapter 530,530' is coupled to the inspiratory or 
expiratory tubing. 

In another embodiment, the adapter 530, 530' can have a 
first connector 532 that is coupleable to the pressure release 
valve 510 (or any of the aforementioned pressure release 
systems), a second connector 534 that is coupleable to an 
inspiratory limb or extension of a respiratory circuit and/or a 
third connector 536 that is coupleable to an expiratory limb or 
extension of a respiratory circuit. In various embodiments, 
the extension of a respiratory circuit can include, but is not 
limited to, a nasal cannula, nasal prongs and/or other compo 
nents or tubing typically used in a respiratory circuit. 
The adapter 530,530' can include a first connector 532 that 

can be of a dimension and shape to be coupleable to the 
pressure release valve 510 (or any of the aforementioned 
pressure release systems) as a female coupling or as a male 
coupling. In some embodiments, the adapter 530, 530' can 
also include a second connector 534 and a third connector 536 
that can be of a dimension and shape to be coupleable to 
physical elements that can be included in a respiratory circuit. 
Further, in some embodiments, as shown, the adapter 530, 
530' can also include an O.D. second connector 538, a fourth 
connector 540, a fifth connector 542, a sixth connector 544 
and/or a seventh connector 546 designed with a pre-config 
ured O.D. for coupling to a respiratory circuit extension. In 
one embodiment, as shown in FIG. 6B, the adapter 530,530" 
can have a cap 548 adapted to cover the first connector 532. 

In various embodiments, the I.D. and/or O.D. can differ for 
one or more of the connectors 532,534, 536,538,540, 542, 
544, 546. Accordingly, one or more of the connectors can be 
formed with dimensions Suitable for I.D. connection (e.g., 
coupling the adapter 530, 530' as a female) or for O.D. con 
nection (e.g., coupling the adapter 530, 530' as a male) to a 
physical element. The adapter 530, 530' can therefore be 
suitable for use with any number of respiratory circuits hav 
ing components manufactured by different companies, 
including, but not limited to, FISHER & PAYKEL(R) compo 
nents and/or HUDSON RESPIRATORY RCIR) components. 
The respiratory components can include, but are not limited 
to, nasal cannula, nasal prongs, tubing and/or another adapter. 

Exemplary embodiments of the connectors 532,534, 536, 
538,540,542, 544,546 can be designed and sized as detailed 
in Table 1. 
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TABLE 1 

Connector Coupling of Diameter of Exemplary Physical 
Reference Physical Description of Connector Element for Connector 
Numeral Element Coupling (mm) Coupling 

532 I.D. I.D. connection 7.5 WET NOSETECHNOLOGIESTM 
(adapter as female) pressure release valve 
to pressure release or temperature probe 
valve (primary 
connection) 

534 I.D. I.D. connection 7.5 Generic inspiratory 
(adapter as female) limb or extension for 
from circuit side connectors 

536 O.D. connection 7.5 FISHER & PAYEEL (R) infant 
(adapter as male) or neonate nasal cannula(s) 
from patient side WAPORTHERM (R) infant or 

neonate nasal cannula(s) 
Neonate nasal cannula 
sold by Salter Labs 

538 O.D. O.D. connection 10 FISHER & PAYEEL (R) 
(adapter as male) inspiratory limb or 
from circuit side extension for connectors 

S4O O.D. O.D. connection 11.7 HUDSON RCI (R) inspiratory 
(adapter as male) limb for connector 
from circuit side 

S42 O.D. O.D. connection 10.3 FISHER & PAYEEL (R or 
(adapter as male) generic tubing for its 

connectors 
544 O.D. O.D. connection 10 FISHER & PAYEEL (R or 

(adapter as male) BNCPAP expiratory limb 
from patient side or extension for connectors 

S46 O.D. O.D. connection 8.5 HUDSONRCI (R) infant or 
(adapter as male) premature? neonate 
from patient side nasal cannula(s) 

Various embodiments of the connectors 532, 534, 536, 
538,540, 542, 544, 546 will now be further described. The 
first connector 532 can have an I.D. of approximately 7.5 mm 
for I.D. connection to a physical element of a respiratory is 
circuit. In some embodiments, the physical element can be 
the WET NOSETECHNOLOGIESTM pressure release valve 
510 or a HUDSON RCIR) temperature probe. 
The second connector 534 can have an I.D. of approxi 

mately 7.5 mm for I.D. connection to a physical element of a 40 
respiratory circuit. By way of example, but not limitation, the 
physical element can be an inspiratory limb or extension of 
the respiratory circuit and/or a standard wye fitting. In various 
embodiments, the second connector 534 can have any I.D. 
adapted to couple to an inspiratory limb or extension of the 45 
respiratory circuit and/or a standard wye fitting. In various 
embodiments, an extension of the respiratory circuit can 
include a nasal cannula, nasal prongs and/or any other com 
ponents typically used in a respiratory circuit. 
The O.D. second connector 538 can have an O.D. of 50 

approximately 10 mm and/or can be configured to be any 
outer diameter for providing an O.D. connection to a physical 
element of a respiratory circuit. The physical element can be 
the FISHER & PAYKEL(R) inspiratory limb or extension. In 
some embodiments, the O.D. second connector 538 can have 55 
any O.D. adapted to couple to the FISHER & PAYKEL(R) 
inspiratory limb or extension. In some embodiments, an 
extension of the respiratory circuit can include a nasal can 
nula, nasal prongs and/or any other components typically 
used in a respiratory circuit. 60 

The third connector 536 can be dimensioned for O.D. 
connection to a physical element connected to the patient. In 
some embodiments, the third connector 536 can be 7.5 mm 
and/or can be configured to be any outer diameter for provid 
ing an O.D. to a physical element Such as a nasal cannula. By 65 
way of example, but not limitation, the physical element can 
be FISHER & PAYKELOR) and/or VAPORTHERMTM nasal 

cannulas and/or nasal cannulas sold by Salter Labs. The nasal 
cannula can have an approximately 9 mm I.D. female fitting 
to the 7.5 mm male fitting of the third connector 536 in some 
cases due to the pliability of the conduit attached to the nasal 
cannula. In some embodiments, the third connector 536 can 
have any O.D. adapted to couple to the FISHER & 
PAYKEL(R) infant or neonate nasal cannulas, VAPORTH 
ERMTM infant or neonate nasal cannulas and/or neonate nasal 
cannulas sold by Salter Labs. 
The fourth connector 540 can have an O.D. of approxi 

mately 11.7 mm and/or can be configured to be any outer 
diameter for providing an O.D. connection to a physical ele 
ment of a respiratory circuit. The physical element can be a 
HUDSON RCE(R) inspiratory limb. In some embodiments, 
the fourth connector 540 can have any O.D. adapted to couple 
to the HUDSON RCIR inspiratory limb. 
The fifth connector 542 can have an O.D. of approximately 

10.3 mm and/or can be configured to be any outer diameter for 
providing an O.D. connection to a physical element of a 
respiratory circuit or to a physical element connected to the 
patient. The physical element can be FISHER & PAYKEL(R), 
HUDSON RCIR, generic tubing and/or a nasal cannula. In 
some embodiments, the fifth connector 542 can have any 
O.D. adapted to couple to a FISHER & PAYKEL(R), HUD 
SON RCIR) and/or generic tubing or a nasal cannula. 
The sixth connector 544 can have an O.D. of approxi 

mately 10 mm and/or can be configured to be any outer 
diameter for providing an O.D. connection to a physical ele 
ment connected to the patient. The physical element can be a 
FISHER & PAYKEL(R) and/or any continuous positive airway 
pressure respiratory circuit, high flow respiratory circuit, bi 
level respiratory circuit, end/expiratory positive airway pres 
Sure respiratory circuit and/or inspiratory positive airway 
pressure respiratory circuit expiratory limb or extension. In 
Some embodiments, the sixth connector 544 can have any 
O.D. adapted to couple to FISHER & PAYKEL(R) and/or any 
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continuous positive airway pressure respiratory circuit, high 
flow respiratory circuit, bi-level respiratory circuit, end/expi 
ratory positive airway pressure respiratory circuit and/or 
inspiratory positive airway pressure respiratory circuit expi 
ratory limb or extension. In some embodiments, an extension 
of the respiratory circuit can include a nasal cannula, nasal 
prongs and/or any other components typically used in a res 
piratory circuit. 
The seventh connector 546 can have an O.D. of approxi 

mately 8.5 mm and/or can be configured to be any outer 
diameter for providing an O.D. connection to a physical ele 
ment connected to the patient. In some embodiments, the 
physical element can be a HUDSON RCIR) infant, premature 
and/or neonate baby nasal cannula. 
As discussed above, with reference to third connector 536, 

notwithstanding the above-referenced approximate I.D. and 
O.D. values for the adapter 530,530', the physical elements to 
which the adapter 530, 530' can couple, can be pliable. 
Accordingly, a diameter of a portion of the physical element 
to which the one or more connectors 532,534, 536,538,540, 
542, 544, 546 of the adapter 530, 530' is coupled can be 
greater than or less than the diameter of the respective one or 
more connectors 532,534, 536,538,540, 542, 544, 546, yet 
the one or more connectors 532,534,536,538,540, 542, 544, 
546 can still be coupled to the physical element. For example, 
the fourth connector 538 can be coupled to a FISHER & 
PAYKELR) pliable inspiratory limb or extension through an 
O.D. connection. Accordingly, the fourth connector 538 can 
act as the male component in the coupling; however, the 
inspiratory limb or extension can be less than the O.D. of the 
fourth connector 538 and fit snugly with the fourth connector 
538 due to the pliability of the inspiratory limb or extension. 
In some embodiments, an extension of the respiratory circuit 
can include a nasal cannula, nasal prongs and/or any other 
components typically used in a respiratory circuit. 

In some embodiments of the invention, gas can be received 
in the second connector 534 of the adapter 530,530'. The gas 
can be emitted to the pressure release valve 510 through the 
first connector 532 to which the pressure release valve 510 
can be coupled. The pressure of the gas can be detected by the 
pressure release valve 510. If the pressure of the gas is greater 
than or equal to the activation pressure of the pressure release 
valve 510 (or, in some embodiments, if the pressure of the gas 
is greater than or equal to the activation pressure--a margin of 
error that is +/-5-15% of the activation pressure), the pressure 
release valve 510 can open and emit a volume of the received 
gas to the audible apparatus 520. The audible apparatus 520 
can emit a Volume of the received gas to the atmosphere 
outside of the pressure release system 500, and can generate 
a sound upon emitting the received gas. The pressure release 
valve 510 can continue to detect the gas in the pressure release 
valve 510, and can close after the pressure of the gas in the 
pressure release valve 510 is less than the activation pressure 
of the pressure release valve 510. While the pressure release 
valve 510 is closed, the gas received in the adapter 530, 530' 
can follow the path of least resistance by flowing out of the 
third connector 536 of the adapter 530, 530' toward the 
patient. 

In some embodiments, the second connector 534 and the 
third connector 536 can be coupled within an inspiratory limb 
or extension of a respiratory circuit. In some embodiments, 
the adapter 530, 530' can be positioned within the limb or 
extensionata distance that is not more than 12 inches from the 
patient. In some embodiments, an extension of the respiratory 
circuit can include a nasal cannula, nasal prongs and/or any 
other components typically used in a respiratory circuit. 
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In some embodiments, the second connector 534 and the 

third connector 536 can be coupled within an expiratory limb, 
extension of a respiratory circuit and/or coupled to a tempera 
ture probe adapter, port, a pressure gauge adapter and/or any 
other type of adapter or component of the respiratory circuit 
allowing the pressure release valve 510 to detect the pressure 
of the gas that is being provided to the patient. In some 
embodiments, an extension of the respiratory circuit can 
include a nasal cannula, nasal prongs and/or any other com 
ponents typically used in a respiratory circuit. In some 
embodiments, the adapter 530, 530' can be positioned within 
the limb or extension at a distance that is not more than 12 
inches from the patient. In some embodiments, the adapter 
530, 530' can include mounting configurations for mounting 
one or more of the following: thermometer/temperature sen 
Sor, fluid flow sensor, humidity sensor and/or pressure sensor. 

In some embodiments, the adapter 530,530' can be a single 
patient use medical device. The adapter 530, 530' can be 
disposable. In some embodiments, the adapter 530, 530' can 
also be supplied sterile. 

In some embodiments, the adapter can be comprised of all 
non-flammable materials. In some embodiments, the adapter 
530,530' be solely mechanical and require no electrical com 
ponents for operation. In some embodiments, the edges of 
each of the components of the adapter can have at least 0.005 
inch diameter edge breaks to reduce the instances of sharp 
edges that may injure a patient or healthcare professional. The 
adapter can be configured to be able to couple to the pressure 
release system without Supports that are external to the 
adapter. 
A method of operation in accordance with the embodi 

ments described herein is as follows. A gas is received at a 
pressure release valve, or at a pressure release system having 
a pressure release valve. When the gas pressure is less than the 
activation pressure--\-5% (or is less than the activation pres 
Sure), the compression spring applies a downward force on 
the interior cap causing the interior cap to remain in a seated 
position and preventing the gas from entering the inner cham 
ber 140 of the pressure release valve 110, 110, 110", 110". 
When the gas pressure is greater than or equal to the acti 

Vation pressure (or, in Some embodiments, if the gas pressure 
is greater than or equal to the activation pressure--/-a margin 
of error of 5-15% of the activation pressure), the interior cap 
150 rises along axis 142 from a seated position thereby allow 
ing the gas to enter the inner chamber 140. The pressure 
release valve 110, 110", 110", 110" can emit the received gas 
to the atmosphere via the audible apparatus 158. When the gas 
is output from the audible apparatus 158, a Sound can emanate 
from the audible apparatus 158 for alerting a healthcare pro 
vider that the gas line is providing a pressure that is above the 
activation pressure. When the gas pressure falls below the 
activation pressure, the pressure release valve 110, 110", 110", 
110" can close thereby reducing the gas emitted to the 
audible apparatus 158 and corresponding causing the audible 
Sound to emanate. 
When a gas pressure that is greater than a maximum gas 

pressure is detected at the pressure release valve 110, 110'. 
110", 110" (or, in some embodiments, if a pressure that is 
greater than the maximum gas pressure--a margin of error that 
is +/-5-15% of the maximum gas pressure), the pressure 
release valve 110, 110", 110", 110" can reduce the pressure to 
the activation pressure or to less than the activation pressure. 
In some embodiments, the maximum gas pressure is 60 cm 
HO 
An embodiment of a pressure release system kit (not 

shown) shall now be described. Any of the aforementioned 
embodiments of pressure release systems, including pressure 
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release valves, audible apparatus and/or adapters can be used 
in any arrangement of one or more components in the pres 
Sure release system kit. In embodiments, each pressure 
release valve and/or cap for the pressure release valve can 
include color coding to indicate the activation pressure for the 
pressure release valve. In various embodiments, the cap and/ 
or body for pressure release valve that are adapted to have an 
activation pressure of 20 cm H2O can be green; the cap and/or 
body for pressure release valves that are adapted to be 40 cm 
H2O can be yellow, and/or the cap and/or body for pressure 
release valves that are adapted to be 60 cm H2O can be red. 
The use of color coding can be contrary to the standard 
approach of color coding components of a respiratory circuit 
according to the color scheme typically followed for one or 
more products in a company's business line. 

In some embodiments, a pressure release system kit can 
include a package containing one or more of a pressure 
release valve with audible apparatus and/or an adapter. In 
Some embodiments, the package can be a bag pouch, box or 
any package enabling transport of the pressure release valve 
with audible apparatus and/or adapter. In some embodiments, 
the pressure release valve with audible apparatus and the 
adapter can be provided in a sterile form in the package. In 
Some embodiments, the kit can also include information 
indicative of directions for use of the pressure release valve, 
audible apparatus and/or adapter, contraindications and 
warnings, and/or instructions for use of the adapter only with 
a nasal cannula or other nasal device that is compatible with 
the adapter. 

FIG. 7 is a schematic diagram of a respiratory circuit 
according to an embodiment of the present invention. The 
respiratory circuit 700 can include a pressure release system 
710 (or alternately, 710'). The pressure release system 710, 
710" can be any of the aforementioned embodiments of pres 
Sure release systems and/or pressure release valves, audible 
apparatus and/or adapters thereof. 
The respiratory circuit 700 can also include a gas source 

720, a humidifier 730, an inspiratory tube 740, a respiratory 
breathing aid 750, and expiratory tube 760, a proximal airway 
monitoring conduit 770, and/or an exhalatory pressure appa 
ratus 780. The respiratory circuit 700 shown, which includes 
an exhalatory pressure apparatus 780 for creating backpres 
sure through which a patient must breathe, can be a BNCPAP 
circuit. However, other circuits such as any continuous posi 
tive airway pressure respiratory circuit, high flow respiratory 
circuit, bi-level respiratory circuit, end/expiratory positive 
airway pressure respiratory circuit and/or inspiratory positive 
airway pressure respiratory circuit can also include a pressure 
release system 710 (or 710") and are encompassed within the 
scope of embodiments of the invention. 

In some embodiments, the gas source 720 can include an 
oxygen flow meter or a gas blender. The gas source 720 can 
output gas at any one of various different rates and pressures. 
By way of example, but not limitation, the gas source 720 can 
be adapted to output gas at disparate pressure values includ 
ing, but not limited to, 40 cm H2O and/or other values less 
than 100 cm H2O. The respiratory breathing aid 750 can be a 
nasal cannula, nasal prongs, a face mask and/or a breathing 
mechanism inserted into the nose or mouth of a patient and/or 
onto the face of a patient. 

In some embodiments, the respiratory circuit 700 can also 
include a temperature probe adapter (not shown) and/or a 
pressure gauge adapter (not shown) coupleable to the pres 
sure release system 710. For example, the temperature probe 
adapter and/or the pressure gauge adapter can be positioned 
within the path of the inspiratory (or expiratory) limb or 
extension. In various embodiments, an extension of the res 
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piratory circuit can include a nasal cannula, nasal prongs 
and/or any other components typically used in a respiratory 
circuit. 

In Some embodiments, the gas source 720 can output gas to 
the humidifier 730 and the humidifier 730 can moisten the 
received gas and output the received gas to the inspiratory 
tube 740. The gas can be received by the inspiratory tube 740 
and can flow to the pressure release system 710 where the 
pressure of the gas can be detected. The gas can flow to the 
pressure release system 710 without intervening elements or 
via an adapter and/or other tubing. For example, the adapter 
can be adapter 530,530' as described above with reference to 
FIGS. 6A and 6B. As another example, in some embodi 
ments, the gas can be received by a luer having a first end and 
a second end wherein the first end is coupled to the inspiratory 
tube 740 and the second end is coupled to the pressure release 
system. 

Referring back to FIG. 7, the pressure release system 710 
can detect the pressure of the gas received at the pressure 
release system 710. If the pressure of the gas is greater than or 
equal to the activation pressure (or, in Some embodiments, if 
the pressure is greater than or equal to the activation pres 
sure--a margin of error that is +/-5-15% of the activation 
pressure), the pressure release system can open and/or remain 
opened and emit the received gas to the environment through 
the audible apparatus (not shown). When the gas is emitted 
from the audible apparatus, a sound can be generated. In 
various embodiments, the Sound can be at least one of the 
following: between 40 and 50 decibels, between 40 and 60 
decibels, between 40 and 80 decibels, or at least 40 decibels. 
When the pressure of the gas is reduced to, or is maintained 

at, a value less than the activation pressure, the pressure 
release valve of the pressure release system 710, can be closed 
and/or remain closed, and the gas received from the inspira 
tory tube 740 can be output to the respiratory breathing aid 
750, and provided to the patient. Accordingly, the pressure of 
the gas provided to the patient can be controlled. 

In some embodiments, the respiratory circuit 700 can also 
include a proximal airway monitoring conduit 770 or any 
number of other adapters, conduits and/or components cou 
pleable to the pressure release system 710'. In this embodi 
ment, the pressure release system 710" can be provided on the 
portion of the respiratory circuit that receives gas provided 
from the patient. Accordingly, the pressure of gas provided 
from a patient can be monitored and/or controlled. 

In one embodiment, a healthcare provider can measure the 
pressure at which the gas source 720 and/or humidifier 730 
can output a gas. The provider can select, for use in the 
respiratory circuit 700, a pressure release system 710 that has 
the lowest activation pressure above the measured pressure. 
By way of example, but not limitation, if the gas source 720 
outputs gas having a pressure of 35 cm H2O, the healthcare 
provider can select a pressure release valve having an activa 
tion pressure of 40 cm H.O. 

In some embodiments, an incubator, or isolette (not shown) 
or other medical chamber (not shown) adapted to completely 
or partially enclose a patient can include one or more com 
ponents of the respiratory circuit 700 but cannot include the 
pressure release system 710, 710'. The pressure release sys 
tem 710, 710" can be positioned outside of the incubator or 
other medical chamber. By way of example, but not limita 
tion, the proximal airway monitoring conduit 770 can have a 
length such that pressure release system 710, 710" can be 
positioned outside of the incubator or other medical chamber 
Such that, when the pressure release system emanates the 
Sound alerting the healthcare professionals of excessive pres 
sure, the sound from the audible apparatus is muffled to the 



US 8,783,247 B2 
21 

patient inside the chamber while being unmuffled to the 
healthcare professionals outside of the chamber. 

The pressure release system 710, 710 can be placed 
approximately 13 inches from the patient, during use within 
the respiratory circuit so as to muffle Sound to the patient 
while being proximal to the patient for accuracy in pressure 
monitoring. As such, the proximal airway monitoring conduit 
770 can be approximately 13 inches. In other embodiments, 
the proximal airway monitoring conduit 770 can be 13 or 
more inches. In other embodiments, the proximal airway 
monitoring conduit 770 can be less than 2 feet long. 

In conventional systems, in some cases, a pressure release 
valve is placed four to five feet from a patient. As such, these 
systems do not provide an accurate measure of the pressure 
that a patient experiences, and therefore disadvantageously 
places a patient at risk of exposure to excessive pressure. 
Further, conventional systems typically provide the pressure 
release valve on the dry side (i.e., expiratory side or side 
connected to the inlet, not the outlet, of the humidifier) of a 
circuit because proximity to the humidifier can affect the 
operation of the pressure release valve. Accordingly, conven 
tional systems often monitor pressure in the circuit after the 
patient has been exposed to the pressure and any damage may 
be done. Further, placement at a distance remote from the 
patient is typically provided in conventional systems because 
of the stress placed on the circuit due to the heavyweight of 
the valves. As such, placement near the patient would not be 
performed due to the stress and corresponding pull on the 
circuit at the location proximal to the patient, resulting in 
potentially pulling the respiratory nasal apparatus out of the 
nose of the patient and corresponding damage due to lack of 
gas being provided to the patient. 
The embodiments described herein can include placement 

of the pressure release valve on the inspiratory, i.e., wet side 
of the respiratory circuit and/or within very close proximity to 
the patient, as noted above. 

In some embodiments, as shown in FIG. 7, the pressure 
release system 710 can be provided within the patient breath 
ing circuit shown in FIG. 7, and a portion of the inspiratory 
tube 740 can be provided between the pressure release valve 
710 and the respiratory breathing aid 750. The portion of the 
inspiratory tube 740 provided between the respiratory breath 
ing aid 750, which is connected to the patient, can be of a 
length allowing the pressure release system 710 to be in close 
proximity to the patient for accuracy in monitoring the gas 
pressure that the patient will experience while allowing the 
pressure release system 710 to be placed outside of an incu 
bator, or isolette (not shown) or other medical chamber such 
that, when the pressure release system emanates the Sound 
alerting the healthcare professionals of excessive pressure, 
the sound from the audible apparatus is muffled to the patient 
inside the chamber while being unmuffled to the healthcare 
professionals outside of the chamber. By way of example, but 
not limitation, the length of the portion of the inspiratory tube 
740 provided between the respiratory breathing aid 750 and 
the pressure release system 710 can be approximately 13 
inches. In other embodiments, the length can be 13 or more 
inches. In other embodiments, the length can be less than 2 
feet from the patient. 

In conventional systems, in some cases, a pressure release 
valve is placed four to five feet from a patient. As such, these 
systems do not provide an accurate measure of the pressure 
that a patient experiences, and therefore disadvantageously 
places a patient at risk of exposure to excessive pressure. 
Further, conventional systems typically provide the pressure 
release valve on the dry side (i.e., expiratory side) of a circuit 
because proximity to the humidifier can affect the operation 
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of the pressure release valve. Accordingly, conventional sys 
tems often monitor pressure in the circuit after the patient has 
been exposed to the pressure and any damage may be done. 
Further, placement at a distance remote from the patient is 
typically provided in conventional systems because of the 
stress placed on the circuit due to the heavyweight of the 
valves. As such, placement near the patient would not be 
performed due to the stress and corresponding pull on the 
circuit at the location proximal to the patient, resulting in 
potentially pulling the respiratory nasal apparatus out of the 
nose of the patient and corresponding damage due to lack of 
gas being provided to the patient. 

Referring back to the embodiments described with refer 
ence to FIG. 7, by way of another example, but not limitation, 
the expiratory tube 750 and/or the nasal cannula can have (or 
can be coupled to) a conduit having a length Such that pres 
sure release system 710,710" can be positioned outside of the 
incubator or other medical chamber. As with the foregoing 
embodiments, the Sound of the audible apparatus of the pres 
sure release system that is heard by the patient can be reduced 
and/or eliminated. 

In various embodiments (not shown), the adapter 530,530' 
and/or pressure release valve 110, 110, 110", 110" and/or 
pressure release system 710, 710" can be employed in third 
party respiratory circuits and/or can couple to third-party 
commercial components of a respiratory circuit (e.g., nasal 
cannulas, nasal prongs, inspiratory and expiratory limbs 
adapters and/or various tubing). 

For example, a pressure release system such as one or more 
of the embodiments of the invention described herein can 
couple within the Salter LabsTM respiratory circuit that 
includes a nasal cannula and a temperature probe. The Salter 
LabsTM respiratory circuit can be an HFNC respiratory circuit 
or any other suitable respiratory circuit dimensioned to be 
able to couple to the pressure release system. The pressure 
release system can include an adapter Such as one or more of 
the embodiments of the invention described herein and pres 
sure release valve such as one or more of the embodiments of 
the invention described herein. The adapter and the pressure 
release valve can be coupled to one another. In some embodi 
ments, a cap 112, 112 of the pressure release valve can 
include a flange (not shown) configured to cover an aperture 
at the top of the cap 112, 112. 
As another example, a pressure release system such as one 

or more of the embodiments of the invention described herein 
can couple to a FISHER & PAYKELR) connector. In particu 
lar, the adapter 530, 530' can couple to the FISHER & 
PAYKELR) connector to facilitate respiratory care in a respi 
ratory circuit. 
As another example, a pressure release system such as one 

or more of the embodiments of the invention described herein 
can be coupled within a respiratory circuit having nasal 
prongs, a temperature probe, a first inspiratory tube and a 
second inspiratory tube coupled to the nasal prongs for pro 
viding gas to a patient, and an expiratory tube. In this embodi 
ment, the pressure release system can include the adapter 530, 
530' coupled between the temperature probe adapter and the 
second inspiratory tube. The adapter 530, 530' can also be 
coupled to the first inspiratory tube, which can be coupled to 
the nasal prongs. The respiratory circuit can be a continuous 
positive airway pressure respiratory circuit, high flow respi 
ratory circuit, bi-level respiratory circuit, end/expiratory 
positive airway pressure respiratory circuit and/or inspiratory 
positive airway pressure respiratory circuit. In some embodi 
ments, one or more of these circuits can be a BNCPAP and/or 
HFNC circuit. 
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In some embodiments, with reference to FIGS.6A and 6B, 
in embodiments wherein the second connector 534 of the 
adapter 530, 530' has a 7.5 mm O.D. connection, the second 
connector 534 can be used in continuous positive airway 
pressure respiratory circuit, high flow respiratory circuit, bi 
level respiratory circuit, end/expiratory positive airway pres 
Sure respiratory circuit and/or inspiratory positive airway 
pressure respiratory circuit to couple tubing, adapters, com 
ponents and/or other connectors to nasal prongs designed for 
use in a continuous positive airway pressure respiratory cir 
cuit, high flow respiratory circuit, bi-level respiratory circuit, 
end/expiratory positive airway pressure respiratory circuit 
and/or inspiratory positive airway pressure respiratory cir 
cuit. 
As yet another example, a pressure release system such as 

one or more of the embodiments of the invention described 
herein can be coupled to respiratory circuit connectors within 
a respiratory circuit. For example, the adapter of the pressure 
release system can be coupled to one or more respiratory 
circuit connectors to facilitate respiratory care. 
As yet another example, any of the aforementioned pres 

sure release valves 110, 110", 110", 110", the pressure release 
valve in the pressure release system 710, 710' and/or the 
pressure release system 710, 710" can be sized such that the 
pressure release valves 110, 110", 110", 110", the pressure 
release valve in the pressure release system 710, 710", and/or 
the pressure release system 710, 710" can couple snugly with 
the 7.5 mm I.D. connector 532 on the adapter 530, 530' by 
having one or more portions, or components coupled to Such 
portions that have an O.D. of approximately 7.5 mm. In some 
embodiments, the coupling can be telescopic coupling. For 
example, in some embodiments, the component for coupling 
to the adapter 530,530' can be the above-described male luer 
fitting (not shown). The male luer fitting can be coupled to or 
integrally formed with the pressure release valves 110, 110'. 
110", 110", the pressure release valve in the pressure release 
system 710, 710' and/or the pressure release system 710,710' 
Such that the pressure release system can be inserted into a 
standard-sized temperature probe adapter typically found in a 
respiratory circuit. In some embodiments, the male luer fit 
ting can have an outer diameter (O.D) of approximately 7.5 
mm. The small size of the male luer fitting can allow the 
pressure release valves 110, 110", 110", 110", the pressure 
release valve in the pressure release system 710, 710' and/or 
the pressure release system 710, 710' to fit into the 7.5 mm 
port of the adapter 530, 530' for use of the pressure release 
system inline in a respiratory circuit. Various conventional 
valves and systems cannot be coupled as described above 
because of the excessive size and weight of the conventional 
valves and systems and the resultant high likelihood of snag 
ging a patient or healthcare professional or the fabric or 
clothing associated with each (due to the large size) and/or the 
stress on the respiratory circuit (due to heavy weight). Each 
risk results in the conventional system being undesirable for 
placement inline in the respiratory circuit. 

In the embodiments described, the pressure release valves 
110, 110", 110", 110", the pressure release valve in the pres 
sure release system 710, 710' and/or the pressure release 
system 710, 710" can include a universal 7.5 mm O.D. diam 
eter that can be provided within the port of the adapter 530, 
530' typically provided for a temperature probe. In embodi 
ments, the adapter 530, 530' can be designed with different 
internal and external diameters that vary in size Such that the 
adapter 530, 530' can couple with numerous different third 
party pediatric, neonate and/or infant respiratory circuits used 
for mechanical ventilation, continuous positive airway pres 
Sure circuits and/or high flow respiratory circuits. 
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As described above, the pressure release valves 110, 110'. 

110", 110", the pressure release valve in the pressure release 
system 710, 710' and/or the pressure release system 710,710 
of the embodiments described herein can be lightweight at 
approximately 10 grams (or approximately 20-25% of the 
total weight of the conventional valves or systems, which can 
be 40-50 grams). As also described above, in various embodi 
ments, the pressure release valves 110, 110", 110", 110", the 
pressure release valve in the pressure release system 710,710 
and/or the pressure release system 710, 710" can be approxi 
mately 1 inch in height, less than 1 inch in height and/or 
25-30% of the height of the conventional valves and systems, 
which can be several inches in height. 

Accordingly, the pressure release valves 110, 110", 110", 
110" (or, the pressure release systems 710, 710) can be of 
dimensions and/or weight that enables the devices to be 
coupled within a wide of third-party pediatric, neonate, and/ 
or infant respiratory circuits. The coupling can be via the 
adapter 530,530'. 

Accordingly, the lightweight nature and Small size of the 
pressure release valves 110, 110", 110", 110", the pressure 
release valve in the pressure release system 710, 710' and/or 
the pressure release system 710, 710" can enable it to be 
placed inline in a respiratory circuit proximal to a patient. In 
Some embodiments, placement proximal to a patient can 
include placement approximately 13 inches from a patient 
(such that the pressure release valves 110, 110", 110", 110", 
the pressure release valve in the pressure release system 710, 
710' and/or the pressure release system 710, 710" can be 
placed just outside the incubator or isolette of a patient when 
the patient is a neonate, for example, but remain proximal to 
the patient). In some embodiments, placement can be less 
than 2 feet from the patient. In some embodiments, the dis 
tance of placement from the patient can be less than 2 feet 
from the patient. In some embodiments, the distance of place 
ment from the patient can be approximately 20-25% of the 
circuit between conventional pressure devices and the patient, 
the distance of which can be approximately four to five feet. 

In Some embodiments, placement proximal to a patient can 
include the pressure release valves 110, 110", 110", 110", the 
pressure release valve in the pressure release system 710,710 
and/or the pressure release system 710, 710" being coupled to 
a first end of a tube or other conduit that is coupled to the nasal 
device of the patient at the second end of the tube or conduit, 
and wherein the tube or conduit is approximately 13 inches in 
length. In some embodiments, the length of the tube or con 
duit can be less than 2 feet from the patient. In some embodi 
ments, the length of the tube or conduit can be approximately 
20-25% of the circuit between conventional pressure devices 
and the patient, the distance of which can be approximately 
four to five feet. 

In some embodiments, the audible apparatus 158' can be 
designed Such that the device emanates a sound upon pressure 
being greater than or equal to the activation pressure when the 
device is used inline in a respiratory breathing circuit in 
operation with a patient when the audible apparatus 158' is 
placed proximal to the patient. In these embodiments, the 
audible apparatus 158' can emanate a distinct Sound as com 
pared to mere vibrational noise upon pressure being greater 
than or equal to the activation pressure when the device is 
used inline in a respiratory breathing circuit in operation with 
a patient when the audible apparatus 158 is placed proximal 
to the patient and the length of the respiratory circuit tubing 
between the gas source and the location of the audible appa 
ratus 158' is more than 1.5 feet. In some embodiments, the 
conventional pressure devices can emanate vibrational noise, 
not a clear whistle or horn, being connected to the gas source 
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with tubing of very short length (e.g., 6 inches) and very high 
flow rates (e.g., greater than 8 lpm). Accordingly, the audible 
apparatus 158' can emanate sound at much greater distances 
from the gas source (e.g., coupled to tubing that also couples 
to the gas source, and is longer than 1.5 feet from the gas 5 
source to the audible apparatus 158') and at typical patient 
flow rates of 1-8 lpm. 

In various embodiments, the pressure release valves 110, 
110, 110", 110", the pressure release valve in the pressure 
release system 710,710 (including the audible apparatus 158 
and/or the adapter 530,530') can include an audible alert (via 
the audible apparatus 158' or the audible portion described 
above), have dimensions for placement in the adapter 530, 
530, and/or have the small size and/or weight for placement 
inline in the respiratory circuit and have placement proximal 
to the patient. 

In some embodiments, the pressure release valves 110, 
110, 110", 110", the pressure release valve in the pressure 
release system 710,710 (including the audible apparatus 158 20 
and/or the adapter 530, 530') can be solely mechanical and 
require no electrical components for operation. As such, the 
cost can be much lower than valves that involve electronic 
equipment. 

In various embodiments, the pressure release valves 110, 25 
110, 110", 110", the pressure release valve in the pressure 
release system 710,710 (including the audible apparatus 158 
and/or the adapter 530, 530') can have the structure and/or 
function of any of the other embodiments of pressure release 
valves (including the audible apparatus 158', audible portion, 30 
and/or the adapter 530,530) described herein. 
The foregoing description of embodiments of the invention 

has been presented for purposes of illustration. It is not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed, and modifications and variations are 35 
possible in light of the above teaching or can be acquired from 
practice of the invention. Further, one or more components in 
any of the embodiments can be used in any other embodiment 
either as an alternative to an existing component and/or in 
addition to an existing component. The embodiments were 40 
chosen and described in order to explain the principles of 
embodiments of the invention and its practical application. 
All Such variations are envisaged by the inventor and within 
the scope of the invention. 
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What is claimed is: 
1. A respiratory circuit, comprising: 
an adapter having one or more connectors; 
a pressure release valve formed with a body portion con 

figured and having a first end of the body portion 50 
coupled to one of the one or more connectors of the 
adapter, wherein the pressure release valve is coupled 
inline in the respiratory circuit via the adapter, and 
wherein the pressure release valve comprises an audible 
apparatus coupled to a second end of the body portion 55 
and configured to emanate Sound in response to a pres 
Sure of a gas received at the pressure release valve being 
greater than or substantially equal to an activation pres 
sure of the pressure release valve; and 

an inspiratory tubehaving a first end coupled to the adapter. 60 
2. The respiratory circuit of claim 1, further comprising a 

gas source coupled to a second end of the inspiratory tube. 
3. The respiratory circuit of claim 1, wherein the pressure 

release valve is about one inch or less in height. 
4. The respiratory circuit of claim 1, wherein the respira- 65 

tory circuit is at least one of a continuous positive airway 
pressure respiratory circuit or a high flow respiratory circuit. 
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5. The respiratory circuit of claim 1, wherein the pressure 

release valve is coupled to an inspiratory side of the respira 
tory circuit. 

6. The respiratory circuit of claim 1, wherein the one of the 
one or more connectors of the adapter to which the body 
portion is coupled is about 7.5 millimeters in diameter. 

7. The respiratory circuit of claim 3, wherein the pressure 
release valve has a weight less than or Substantially equal to 
about 10 grams. 

8. A respiratory circuit apparatus, comprising: 
a pressure release valve configured to emanate Sound in 

response to a pressure of a gas received at the pressure 
release valve being greater than or Substantially equal to 
an activation pressure of the pressure release valve, the 
pressure release valve also being formed with a body 
portion configured and having a first end of the body 
portion coupleable to one of one or more connectors of 
an adapter configured to be positioned inline in a respi 
ratory circuit, the pressure release valve also comprising 
an audible apparatus coupled to a second end of the body 
portion, wherein the audible apparatus is configured to 
emanate the Sound, wherein the pressure release valve is 
a Substantially fixed pressure valve comprising a magnet 
in the body portion. 

9. The respiratory circuit apparatus of claim 8, wherein the 
audible apparatus being coupled to the second end of the body 
portion comprises the audible apparatus being molded to the 
second end of the body portion. 

10. The respiratory circuit apparatus of claim 9, wherein at 
least a portion of the audible apparatus is located within an 
interior region of the body portion. 

11. The respiratory circuit apparatus of claim 8, wherein 
the sound is at least one of a Substantial whistle sound or a 
Substantial horn Sound. 

12. The respiratory circuit apparatus of claim 11, wherein 
the pressure release valve is further configured to emanate the 
Sound in response to a flow rate of the gas being less than a 
defined number of liters per minute. 

13. The respiratory circuit apparatus of claim 8, wherein 
the magnet is configured to open the pressure release valve to 
allow the gas to enter the body portion and to cause the Sound 
to emanate from the audible apparatus. 

14. The respiratory circuit apparatus of claim 8, wherein 
the pressure release valve is about one inch or less in height 
and about 10 grams or less in weight. 

15. The respiratory circuit apparatus of claim 8, wherein 
the body portion is dimensioned to telescopically couple to 
the adapter. 

16. The respiratory circuit apparatus of claim 8, wherein 
the one of the one or more connectors of the adapter com 
prises a temperature probe connector. 

17. A respiratory circuit pressure release system, compris 
ing: 

a respiratory circuit pressure release valve configured with 
at least one port dimensioned to be coupled to an adapter 
having one or more adapter ports configured to couple 
the adapter to a respiratory circuit, wherein the pressure 
release valve is coupleable in series in the respiratory 
circuit via the adapter, and wherein the pressure release 
valve comprises an audible apparatus configured to ema 
nate a sound in response to a pressure of a gas received 
at the pressure release valve being greater than or Sub 
stantially equal to an activation pressure of the pressure 
release valve, wherein the pressure release valve com 
prises at least one of a compression spring or a magnet. 

18. The respiratory circuit pressure release system of claim 
17, further comprising the adapter. 
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19. The respiratory circuit pressure release system of claim 
17, wherein at least one of the compression spring or the 
magnet is configured to open the pressure release valve to 
allow the gas to enter the pressure release valve and to cause 
the Sound to emanate from the audible apparatus. 5 
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